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ABSTRACT 
 
 
The main purpose of this thesis is to study the influence of auto thermal 
extrusion on the thermal stability and morphology of fabricated PA6/C20A 
nanocomposite. The organically modified layered silicates type Cloisite 20A (the 
montmorillonite modified with a quaternary ammonium salt) and Polyamide 6 (PA6) 
were used in this research. Fabricated PA6/C20A nanocomposite was prepared by 
using an auto thermal melt extrusion. The screw speed of twin screw extruder was 
maintained at constant value of 200 rpm, the clay loadings C20A were varied 
between 1-5 wt% respectively. The morphological properties were characterized by 
using both X-Ray Diffraction analysis (XRD) and Scanning Electron Microscopy 
(SEM), while the thermal stability of obtained PA6/C206 nanocomposite was studied 
by using thermo gravimetric analysis (TGA). The dispersion and distribution of 
nanoclays platelets within the polymer matrix, a clay contents show a better role in 
dictating the quality of extruded PA6/C20A nanocomposite than the auto thermal or 
conventional setting extruder itself based on the evidently formation number of 
agglomerated clay. The degradation T onset of PA6/C20A nanocomposite was found 
to be shifted to the larger value under an auto thermal extrusion. As a conclusion, 
auto thermal extrusion is suggested as an alternative approach for energy cost 
reduction and efficiency application in the industry. 
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KAJIAN PERBANDINGAN KE ATAS KESAN PENAMBAHAN TANAH 
LIAT SECARA NORMAL DAN AUTO-TERMA TERHADAP STRUKTUR 
MORFOLOGI DAN KESTABILAN HABA NILON 6 NANOKOMPOSIT 
 
 
ABSTRAK 
 
 
Tujuan utama tesis ini ialah untuk belajar mengenai kesan penyemperitan 
auto-terma terhadap kestabilan haba dan morfologi PA6/C20A nanokomposit. Tanah 
liat Cloisite 20A (montmorillonite diubah suai dengan suku garam ammonium) dan 
Polyamide 6 (PA6) telah digunakan dalam penyelidikan ini. PA6/C20A 
nanokomposit telah disediakan dengan menggunakan satu kaedah auto-terma. 
Kelajuan skru kembar penyemperitan telah disetkan di nilai konsisten 200rpm, tanah 
liat C20A yang diletakkan diubah antara 1-5wt% masing-masing. Ciri-ciri struktur 
dikaji menggunakan analisis Belauan Sinar-X (XRD) dan Imbasan elektron 
mikroskop (SEM), manakala kestabilan haba PA6/C20A nanokomposit telah dikaji 
dengan menggunakan analisis termogravimetri (TGA). Rawakan dan pengagihan 
butiran tanah liat-nano dalam matriks polimer, kandungan tanah liat menunjukkan 
peranan yang lebih baik dalam menghasilkan kualiti PA6/C20A nanokomposit 
daripada penyemperitan auto-terma atau penyemperitan biasa berdasarkan 
pembentukan tanah liat yang terkumpul. Degradasi suhu permulaan PA6/C20A 
nanokomposit didapati berubah kepada nilai yang lebih tinggi di bawah auto-terma. 
Konklusi, auto-terma disarankan sebagai satu pendekatan alternatif untuk 
pengurangan kos tenaga dan kecekapan dalam industri itu. 
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CHAPTER ONE 
 
 
INTRODUCTION 
 
 
1.1 Background Research 
 
In recent years, polymer nanocomposites (PNC) have emerged as a new class of 
material and attracted a number of considerable interest and investment in research and 
development worldwide. This is largely due to it new and often much improved 
mechanical, thermal, electrical and optical properties as compared to their macro- and 
micro-counterparts. These improvements include high modulus, increased strength and 
heat resistance, decreased gas permeability and flammability, as well as increased 
biodegradability of biodegradable polymers (Ray and Okamoto, 2003). Traditionally, 
polymeric materials have always been incorporated with synthetic or natural inorganic 
compounds in order to improve their properties, or simply to reduce cost. 
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The polyamide 6/ cloisite 20A nanocomposites exhibited substantial 
enhancements of the physical properties of the composite relative to the pure polyamide 
6 polymer. These physical property improvements include increases in tensile strength, 
modulus, and heat distortion temperature without loss of impact strength. The 
enhancement of the impact strength in these composites with substantial increases in 
strength and stiffness was surprising. Besides that, the water uptake and gas barrier 
properties of the nanocomposite were substantially improved if compared to pure 
polyamide (Powell and Beall, 2006).  
 
There are three different types of PLS (Polymer layered Silicates) 
nanocomposites that are thermodynamically achievable; intercalated nanocomposite, 
conventional nanocomposite and exfoliated nanocomposite. Polymer–layered silicate 
nanocomposites, which are the subject of this research, are prepared by incorporating 
finely dispersed layered silicate materials in a polymer matrix (Fisher, 2003). However, 
the nanolayers are not easily dispersed in most polymers due to their preferred face to-
face stacking in agglomerated tactoids. Dispersion of the tactoids into discrete 
monolayer is further hindered by the intrinsic incompatibility of hydrophilic layered 
silicates and hydrophobic engineering plastics. Therefore, layered silicates need to be 
organically modified initially to produce polymer–compatible clay (organoclay). In fact, 
it has been well-demonstrated that the replacement of the inorganic exchange cations in 
the cavities or “galleries” of the native clay silicate structure by alkylammonium 
surfactants can compatibilize the surface chemistry of the clay and a hydrophobic 
polymer matrix (Lebaron et al., 1999). Thereafter, different approaches can be applied to 
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incorporate the ion-exchanged layered silicates in polymer hosts by means of in situ 
polymerization, solution intercalation or simple direct melt-mixing. 
 
The research is focus on to study a possibility of auto thermal melt compounding 
as an alternative to a conventional melt compounding in the manufacturing of PNC. A 
polyamide 6 (PA6) was preferred as base polymer in this research primarily because of 
the accessibility of this material to the plastic industry. It is naturally already good 
mechanical, chemical and thermal properties (Okada et al., 1990). The organically 
modified montmorillonite (MMT) or known as nanoclay namely Cloisite 20A (C20A) is 
belongs to a group of layered silicate, acts as nano-scaled filler for the composite (Xi et 
al., 2005). It would be truly interesting to see the thermal stability of fabricated PNC and 
the exfoliation-rate of platelets including the crystalline behavior of the polymer hybrid 
after the addition of layer silicate into the pristine polymer under the auto thermal 
condition as the effectiveness of nanofiller could be influenced by specific melt 
compounding parameters.  
 
 
1.2 Problem Statement 
 
A thermal degradation occurred during the compounding processing of PNC. 
Effect of temperature and an excessive heat originated from high shear stress is 
determined as an issue that causes degradation in pre-PNC. The influence of an 
autothermal extrusion on the thermodynamics stability of melt intercalation could have 
been attracted huge advantages (Vaia et al., 1996). 
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1.3 Research Objective 
 
Based on the research background and problem statement described in the 
previous section these are the following objectives in this research: 
 
1.3.1 To compare the thermal stability of fabricated PA6/C20A nanocomposite, that 
was extruded by using auto thermal and conventional extrusion. 
 
1.3.2 To study the morphological of fabricated PA6/C20A nanocomposite, that was 
extruded by using auto thermal and conventional extrusion. 
 
1.3.3 To check the possibility of an auto thermal extrusion as an alternative way to 
reduce the risk of thermal degradation of fabricated nanocomposite. 
 
 
1.4 Scope Of Research 
 
This research is focusing on the effect of clay loading under conventional and 
auto thermal extrusion to the thermal stability and the quality of fabricated PNC. The 
scopes of this research are as below: 
 
1.4.1 To produce fabricated PA6/C20A nanocomposite by combining PA6 and C20A 
which is the montmorillonite modified with a quaternary ammonium salt. 
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1.4.2 To produce fabricated PA6/C20A nanocomposite using melt intercalation 
method. 
 
1.4.3 To characterize the fabricated PA6/C20A nanocomposite samples by using 
Scanning Electron Microscopy (SEM), X-Ray Diffraction (XRD) and Thermo 
Gravimetric analysis (TGA). 
 
 
1.5 Significance Of Research 
 
Fabricated PA6/C20A nanocomposite consisting of PA6 with C20A, have been 
known to be one of the most valuable applications of nanotechnology. An auto thermal 
extrusion is predicted to not give any negative influence on the fabricated PA6/C20A 
nanocomposite. Under auto thermal set-up a material is only allowed to enter the 
extruder plate once the ΔT = 0. For this purpose, the preheated plates were switched-off 
throughout the compounding process and only turned on back if the temperature was 
fallen almost to the minimum tolerance value (224+ 5 °C). In order to study the 
influence of an auto thermal extrusion on the thermodynamics stability of PNC, the 
effectiveness of an auto thermal extrusion by twin-screw extruder should been 
examined. Besides, to provide a future reference for the organization or person that 
interested in twin-screw extruder approach in the fabrication of PA6/C20A 
nanocomposite and to contribute new knowledge in polymer nanotechnology field that is 
beneficial to environment and automobile industry.  
 
 6 
 
 
 
 
 
CHAPTER TWO 
 
 
LITERATURE REVIEW 
 
 
2.1 Introduction 
 
Polymer nanocomposite is an area of considerable precise interest and of rising 
industrial practice. Hybrid combinations of natural fillers and polymers were presented 
to the public for the first time in the 90s (Kojima et al., 1993), a vast market opportunity 
was forecast: e.g. in 2001 revenues of 4 billion US$ in the US alone were predictable to 
be achieved in 2010 (Nina, 2002). Benefits of polymer nanocomposites are shown in the 
improvement of mechanical property (automotive industry, etc.), barrier properties 
(packaging, film and bottle industry, etc.), contribution to fire retardancy (cable industry, 
etc.), physical and optical (electronics, batteries). 
 
In general, the thermal processing step of developed nanocomposites requires 
proper stabilization, which has to be taken into a consideration is the oxidative 
constancy of the polymer substrate, the influence of the nanofiller as well as the 
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influence of modifiers and compatibiliser. The nanofillers are most often originated from 
natural sources such as montmorillonite. In contrast, synthetic mineral clays based from 
natural origin will, like traditional fillers, have metal ions and other contaminants which 
influence the thermo oxidative stability negatively. 
 
In order to be fully understood, what really is occurred between the materials in 
the channel of twin-screw extruder throughout the compounding of polymer, the 
literatures that specifically talk about the opportunity of mechanical melt compounding 
of PA6/C20A nanocomposite by an extruder have been reviewed.  
 
2.1.1 Nanotechnology 
 
Nanotechnology is known as one of the most promising areas for technological 
growth in the 21st century. Nowadays, the impact of nanotechnology could visibly been 
observed in various sections of knowledge and application which including medicine 
electronics, fuel cells, solar cells and others (Boisseau and Zhang, 2011). In materials 
research, the development of polymer nanocomposites is rapidly raising as a 
multidisciplinary investigate activity whose results could broaden the applications of 
polymers to the great benefit of many different industries. Polymer nanocomposites 
(PNC) are polymers (thermoplastics, thermosets or elastomers) that have been reinforced 
with small quantities (less than 5% by weight) of nano-sized particles having high aspect 
ratios (L/h > 300) (Denault and Labrecque, 2004).  
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Nevertheless, a more complete and suitable meaning of nanotechnology is 
proposed and clearly defined as: The design, characterization, production, and 
application of structures, devices and system via a controlled manipulation of size and 
shape at the nanometer range (atomic and molecular scale) that produces structures, 
devices, and systems with at least one novel or superior characteristic or property (Bawa 
et al., 2005) 
 
2.1.2 Nanoparticle 
 
Nanoparticles can be three-dimensional spherical and polyhedral nanoparticles 
(e.g., colloidal silica), two-dimensional nanofibers (e.g., nanotube, whisker) or one 
dimensional disc-like nanoparticle (e.g., clay platelet). Such nanoparticles offer massive 
advantages over traditional macro- or micro-particles (e.g., talc, glass, carbon fibers) due 
to their higher surface area and aspect ratio, improved bond between nanoparticle and 
polymer, and lower quantity of loading to get equivalent properties. 
 
Nanoparticles are obtained from obtainable natural resources and usually need to 
be treated because the physical mixture of a polymer and layered silicate may not form a 
nanocomposite; in this case, a separation into discrete phases takes place. The 
unfortunate physical interaction between the organic and the inorganic components leads 
to decrease mechanical and thermal properties. Strong interactions between the polymer 
and the layered silicate nanocomposites typically lead to the organic and inorganic 
phases being isolated at the nanometer level. Thus, nanocomposites show unique higher 
properties than conventional composites (Biswas and Ray, 2001). 
 9 
 
2.1.3 Polyamide 
 
Polyamides are widely used materials due to their tunable properties. There are a 
lot of type polyamides, commercially polyamide being used by industry like polyamide 
6 (PA6) and polyamide 66 (PA66). Both of PA6 and PA66 physically differ in terms of 
glass transition temperature, melting point, crystallinity and tensile modulus among 
other things. In contrast, PA66 has a melting point of 262°C and glass transition 
temperature is 65°C which higher than PA6. Meanwhile, PA6 has a melting point of 
219°C and its glass temperature is 52°C only. Furthermore, the crystal structure of PA6 
is monoclinic while PA66 is triclinic structure and PA66 has tensile modulus is around 
2.9 GPa but it is a little lower for PA6 (Chavarria and Paul, 2004). Some of these 
differences can be traced to the difference in symmetry of their repeats units and to the 
difference in arrangement of functional units at the chains ends. Obviously, PA6 has a 
wide range of engineering application for its unique combination of good processibility, 
higher mechanical properties and chemical resistance. However, its high moisture 
absorption and low resistance to crack propagation in the presence of a notch have been 
major limitation for various end use applications. In order to increase these properties, as 
well thermal stability of PA6, nanocomposite was prepared (Mohanty and Nayak, 2007).   
 
2.1.4 Layered Silicates 
 
Layered silicates used in the synthesis of nanocomposites are natural or synthetic 
minerals, consisting of very thin layers that are usually bound together with counter-
ions. Their necessary building blocks are tetrahedral sheets in which silicon is enclosed 
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by four oxygen atoms, and octahedral sheets in which a metal like aluminum is 
surrounded by eight oxygen atoms. Therefore, in 1:1 layered structures (e.g. in kaolinite) 
a tetrahedral sheet is fused with an octahedral sheet, whereby the oxygen atoms are 
shared (Chin et al., 2001) 
 
On the other hand, the layered silicate belongs to the group 2:1 phyllosilicates 
and it is consisted of a small total of magnesium, iron and natrium ion as shown in 
Figure 2.1. Phyllosilicates name is supposed to be originated from Greek word 
“phyllon” which means leaf. Phyllosilicates could be categorized into four different 
classes (Utrucki, 2004):  
i. Serpentine  
ii. Clay mineral  
iii. Mica 
iv. Chlorite  
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Figure 2.1: The structure of a 2:1 layered silicate  
 
(Source: Beyer, 2002) 
 
 
Arrangement enabled the ion of oxygen to be interlinked between silica 
tetrahedral sheets is the arrangement of atoms in the crystal of 2:1 layered silicate 
composed of two-dimensional layers and a central octahedral sheet of alumina is 
electrostatic fixed to two external silica tetrahedral by the tip. The thickness of each 
layer is around 1 nanometer (nm) and lateral dimensions value could have been varied, 
influenced by the source of the clay and the method of preparation (McNally, 2003) and 
(Beyer, 2002). 
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The pyrophillitte could be described as basic 2:1 structure that formed by the 
silicon in the tetrahedral sheets and aluminum in the octahedral sheet. During 
substitution of aluminum in the place of silicon in tetrahedral, a structure called mica is 
obtained, while a montmorillonite structure can be created by replacing the trivalent 
aluminum cation in the octahedral sheet with divalent magnesium cation. A cation-
exchange capacity (CEC) will produce the excess negative charge and the efficiency rate 
of ion exchange for layered silicate. The CEC for montmorillonite is usually varied 
between 0.9-1.2 mequiv/g appropriate to the difference origin place of the clay. The 
sodium and calcium ions exist hydrated in the interlayer to balance the generally 
negative charge. Consequently, water or polar molecules could break the forces and 
toward the inside between the units of a layer, follow-on in the expansion of galleries 
(Chin et al., 2001)  
 
The montmorillonite is classified into a group of clay minerals, known as 
“smectites” or “smectite clays”. In the fabrication of nanocomposite, montmorillonite, 
hectorite as well as saponite are widely used as clay-filler. The chemical formula is as 
listed in Table 2.1 
 
Table 2.1: Chemical structure of commonly used 2:1 phyllosilicates 
 
Phyllosicates General formula 
Montmorillonite Mx(Al4-xMgx)Si8O20(OH)4 
Hectorite Mx(Mg6-xLix)Si8O20(OH)4 
Saponite MxMg6(Si8-xAlx)O20(OH)4 
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2.2 Polymer nanocomposite 
 
Polymer nanocomposite materials have attracted great interest because layered 
clays can highlight almost all types of polymer matrices with similar properties than 
traditional composites but less weight and better processibility. Varlot et al. (2001) was 
observed the preparation and characterization of polymer nanocomposites used 
commercial modified layered silicates. Though, some works dealing with the 
modification process in order to improve the quality of the nanoclays to produce 
polymer nanocomposites with improved properties have been published by Kojima et al. 
(1993). Commonly, modified layered silicates are preserved with several organic onium 
bases, and in peak of the modification processes around 2–5% weight of solids is used, 
in order to reduce the viscosity and get a more homogenous solid solution. Isomorphic 
substitution within the layers generates a negative charge, defined through the cation-
exchange capacities (CEC). This excess of negative charge is balanced by cations (Na
+
, 
Ca
2+
, and Li
+
) that exist hydrated in the interlayer (Kojima et al., 1993). To render 
nanoclays miscible with polymers one must exchange the alkali counterions with 
cationic surfactants, such as alkylamonium. While an excess of surfactant is normally 
used to complete the interchange reaction, the properties of the final polymer 
nanocomposite can reduce.  
 
Furthermore, a polymer composite is combination of layered clays and a polymer 
matrix, which either conventional composite or nanocomposite see Figure 2.2 can be 
formed depending on the nature of the components and processing conditions. 
Conventional composite is obtained if the polymer cannot intercalate into the galleries of 
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clay minerals. The properties of such composite are similar that of polymer composites 
reinforced by micro particles. There are two extreme nanostructures resulting from the 
mixing of clay minerals and a polymer provided that is a favor conditions. One is 
intercalated nanocomposite (I), in which monolayer of extended polymer chains inserted 
into the gallery of clay minerals consequential in a well prepared multilayer morphology 
stacking alternately polymer layers and clay platelets and a repeating distance of a few 
nanometers. The other is exfoliated or delaminated nanocomposite (II), in which the clay 
platelets are completely and uniformly dispersed in a continuous polymer matrix .On the 
other hand, it should be noted that in most cases the cluster (so-called partially 
exfoliated) nanocomposite (III) is common in polymer nanocomposites. 
 
 
 
Figure 2.2: Illustration of clay-based polymer composites, including conventional 
Composite and nanocomposite with intercalated (I), exfoliated (II) or cluster (III) 
structure  
 
(Source: Zeng et al., 2005) 
 
